Changes in the kind and level of endogenous gibberellins (GAs) in the shoot and ear of rice (Oryza sativa L. japonica variety, cultivar Nihonbare) through its life cycle were investigated. Gibberellin A19 (GA19) was the major GA, and GA1; GA20, GA29 and GA53 were minor GAs in the shoot of rice. Besides these 13-hydroxylated (13-OH) GAs, two non-13-hydroxylated (1 3-H) GAs, namely GA4 and GA34, were identified in the shoot (containing the ear) collected at the heading stage.
Further studies on the distribution and changes in the level of GAs in reproductive organs revealed that GA4was highly concentrated in anthers collected just before anthesis, but was not detected in immature seeds collected about a week after anthesis. These results suggest that 13-H GAsmaybe biosynthesized in specific organs at a specific stage of the life cycle, and that they may be concerned with the regulation of reproductive growth, while vegetative growth is regulated by 13-OH GAs, probably GA,.
In a series of investigations to clarify the physiological roles of endogenous gibberellins (GAs) in rice,1'2* the occurrence and changes in concentration of two 13-hydroxylated (13-OH) GAs, namely GA1 and GA19, have been reported, and it was speculated that gibberellin Al (GAX)was an active GAin regulating the growth of rice. Recently, in the analysis of endogenous GAsin ears and immature seeds of rice,3) non-13-hydroxylated (13-H) GAs, namely GA4 and GA34, were detected in addition to 13-OH GAs. The endogenous level of GA4, which is highly active in the elongation of dwarf rice seedlings, was much higher than that of GA1in the ear, suggesting that GA4 1189 may play some role in the regulation of reproductive growth. To study the physiological roles of 13-H GAs in rice, it is necessary to investigate changes in the levels of 13-H GAs throughout the life cycle, and the localization ofGA4 in the ear. From this point of view, we analyzed the endogenous GAsof rice from the sixth-leaf stage to the anthesis stage. Wealso analyzed the endogenous GAsin some organs of the ear to confirm the occurrence of 13-H GAsand to clarify the localization of GAsin the ear. Furthermore, the analysis of 13-H GAsin immature seeds, which was ambiguous in the previous investigation,3* was reexamined.
Abbreviations: AEfraction, acidic ethyl acetate-soluble fraction; GA(s), gibberellin(s); GAM,gibberellin An; GC-MS, combined gas chromatography-mass spectrometry; GC-SIM,combined gas chromatography-selected ion monitoring; 13-H GAs, non-13-hydroxylated gibberellins; 13-OH GAs, 13-hydroxylated gibberellins. Extraction and purification. Homogenizedsamples were extracted with methanol or acetone-water (4 : 1, v/v) and subjected to the usual solvent fractionation process to give acidic ethyl acetate-soluble (AE) fractions. The AE frac- GAXand deuterated GA4were added to the AE fractions of the four organs of the ear. The amountof added deuterated GAs was about a half of the expected amount of endogenous GAj and GA4 in each sample, as estimated from a preliminary analysis without using the internal standards. The recoveries of the internal standards throughout the purification were 30~70%.
GS-MS and GC-SIM analyses.
A Hitachi M-80A mass spectrometer was used for GC-MSand GC-SIManalyses, the conditions for analyzing and converting the samples being the same as those described in our previous paper.3) In the GC-MSanalysis of the purified GAfractions from spikelets (collected in 1984), the oven temperature was kept at 200°C for 3minutes after injection and then increased at the rate of 5°C min"1 to 230°C. In the GCSIManalysis of the other samples, an isocratic temperature mode was used. GAj in shoots, and GAXand GA4in the four organs of the ear were quantified by the internal standard method, the other GAs being quantified without correction from recovery.
RESULTS AND DISCUSSION Figure 1 shows results of the analysis of GAs in the whole plant without roots. GA19 was the major GAat every stage. The content of GA19 was 1.6~6.9ng/g fr. wt., which was about falf that reported by Suzuki et al.2) However, the fluctuating pattern of GA19 in our analysis was in agreement with that of the previous analysis, in that the endogenous level of GA19at the tillering stage was higher than that at the reproductive stage.
The content of GAX showed the highest content of 0.63ng/g fr. wt. at the internode elongation stage (collected on August 18th).
Since elongation of the third and fourth in- ternodes occurred at this stage, GA:was presumed to play a role in the internode elongation. The content of GA: at other stages was 0.14-0.29ng/g fr. wt. and did not show significant changes.
Three other 13-OH Gas, namely GA20, GA29 and GA53, were identified from shoots. Phinney et al. 8) reported the conversion of GA53 to GA44 and GA19, and GA20 to GA29 in the tassel of Zea Mays, and Takahashi et al. 7) reported the conversion of GA19 to GA20, and GA20to GA: in a cell-free system from immatureseeds of Phaseolus vulgaris. From these findings, it was speculated that a biosynthetic pathway of GA53^GA19^GA20->GA1
and GA29was functioning in the shoot of rice.
Two 13-H GAs, GA4 and GA34, were detected at the anthesis stage. However, the content ofGA4 was only 0.3 ng/g fr. wt., which was much lower than that detected in ears in our previous investigation.3) GA9 and GA24, which are supposed to be precursors of GA4, were not detected in this analysis. These results suggested that the major endogenous GAs in the shoots were 13-OH GAs, and that 13-H GAs are characteristic GAs of the reproductive organs.
In the ear, five 13-H and five 13-OH GAs were identified by GC-SIMin our previous investigation.3* However, conclusive identification of these GAs, except for GA19, by a full mass spectrum has not been done in rice. Therefore, purified GA fractions from the spikelet (collected in 1984) were analyzed by GC-MSto confirm the occurrence of both 13-H and 13-OH GAs in the reproductive organs. As shown in Table II , two 13-H GAs, namely GA4 and GA34, and three 13-OH GAs, namely GA17, GA19 and GA20, were identified from the spikelet, GA17 being identified for the first time in rice. These observations confirmed our previous results that both 13-OH and 13-H GAs occurred in the reproductive organs of rice, while only 13-OH GAs were detected at the vegetative stage.
The results of GA analyses of the four organs of the ear are summarized in Tables III  and IV . As shown in Table III , the content of GA4, a major 13-H GAin the ear, was 33ng/g fr. wt. and was higher than that in the rachis. Spikelets before anthesis were separated into two parts, namely lemma and anther, for a further study on the distribution of 13-H GAs. As shown in Table IV, these GAs were highly concentrated in the anther. The content of GA4 in the anther was 820ng/g fr. wt. in 1982 and 3700ng/g fr. wt. in 1983. These contents are muchhigher than those expected from the GA4content in the spikelet. This inconsistency may have been caused by differences in the sample stages, because spikelets were collected at the maximum anthesis stage, while anthers were collected at the beginning of anthesis.
In contrast to the distribution of 13-H GAs, 13-OHGAs were detected in every organ of the ear. The concentration of anther 13-OH GAs was much higher than those in the other organs, but was not as high as those of the anther 13-H GAs. These results suggest that 13-H GAs may be biosynthesized sitespecifically, while 13-OH GAs are not. Table V shows the result of a reanalysis of endogenous GAs in the immature seed. Four 13-OH GAs, namely GA19, GA20, GA29 and GA44, were again detected, and two 13-H GAs, GA34 (2£-hydroxylated GA4) and GA51 (2/Miydroxylated GA9) were also identified. Although the contents of these 13-H GAswere higher than those of the 13-OH GAs, their precursors, namely GA4, GA9 and GA24were not detected, suggesting that GA34and GA51 +, identified but not quantified; -, not detected. Fig. 2 . Structures of Endogenous GAs in Rice.
were metabolites of GA4 and GA9 that had existed in the ear at the anthesis stage, and that the biosynthesis of 13-H GAswas not functioning in the immature seed.
The structures of the GAsidentified from rice are summarized in Fig. 2 , GA12 and GA17 being identified for the first time in rice.
In conclusion, 1 3-H GAbiosynthesis occurs in specific organs and at a specific stage of development in rice. Although it is difficult at this moment to speculate what are the specific roles of 13-H GAs in the life cycle of rice, they maybe concerned with such phenomenaas sex differentiation, maturation of the pollen, germination of the pollen tube, or rapid elongation of the first and second internodes at the heading stage.
